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ABSTRACT
Solar radio type III bursts are believed to be the most sensitive signature of near-relativistic electron
beam propagation in the corona. A solar radio type IIIb-III pair burst with fine frequency structures,
observed by the Low Frequency Array (LOFAR) with high temporal (∼ 10 ms) and spectral (12.5 kHz)
resolutions at 30 - 80 MHz, is presented. The observations show that the type III burst consists of many
striae, which have a frequency scale of about 0.1 MHz in both the fundamental (plasma) and the harmonic
(double plasma) emission. We investigate the effects of background density fluctuations based on the
observation of striae structure to estimate the density perturbation in solar corona. It is found that the
spectral index of the density fluctuation spectrum is about −1.7, and the characteristic spatial scale of
the density perturbation is around 700 km. This spectral index is very close to a Kolmogorov turbulence
spectral index of −5/3, consistent with a turbulent cascade. This fact indicates that the coronal turbulence
may play the important role of modulating the time structures of solar radio type III bursts, and the fine
structure of radio type III bursts could provide a useful and unique tool to diagnose the turbulence in the
solar corona.
Subject headings: Sun: radio type III bursts – Sun: dynamic spectrum – Sun: turbulence
1. Introduction
Solar radio type III bursts are a common signa-
ture of near-relativistic electrons streaming through
plasma in the solar corona and interplanetary space,
and they provide a useful way to remotely trace these
electrons (e.g. Wild 1950; Pick & Vilmer 2008). Type
III bursts usually drift from high to low frequencies
with a fast drifting rate corresponding to an exciter
speed of ≈ c/3, where c is the speed of light. They
are believed to be generated by outward propagat-
ing beams of non-thermal electrons along open mag-
netic field lines. Ginzburg & Zhelezniakov (1958)
proposed plasma emission as the main generation
mechanism of solar radio type III bursts, which is
the most widely accepted model. As the electrons
propagate along magnetic field lines, the faster ones
arrive at a remote location faster, forming an unsta-
ble distribution leading to a bump-on-tail instabil-
ity. This instability generates Langmuir waves at
the local plasma frequency, fp. The coalescence (or
decay) of Langmuir waves and low frequency ion-
sound waves may produce radiation near the electron
plasma frequency fp, which is called the fundamen-
tal emission. The coalescence of Langmuir waves
and scattered Langmuir waves may produce the sec-
ond harmonic emission 2 fpe. This theory has been
discussed and refined by many authors (e.g. Sturrock
1964; Dulk 1985; Melrose 1987; Robinson et al. 1994;
Bastian et al. 1998; Ratcliffe et al. 2014; Tigik et al.
2016; Lyubchyk et al. 2017).
The fundamental and harmonic components of
solar radio type III bursts are frequently observed
by broadband dynamic spectrometers. They some-
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times show short-duration and narrow-band inter-
mittent features in both time and frequency. The
so-called solar radio type IIIb bursts were identi-
fied by de La Noe & Boischot (1972) as a chain of
several elementary bursts, which appear in the dy-
namic spectrum as either single, double, or triple
narrow-banded striations (Smith & Delanoee 1975).
These narrowband features are known as striae, and
a burst composed of such features is known as type
IIIb burst. These striae structures have a very nar-
row bandwidth of ∆ f / f ≃ 1% (e.g. Melnik et al.
2010; Mugundhan et al. 2017). The observations of
the fundamental-harmonic structure in Type IIIb-III
pairs (e.g. Abranin et al. 1984) further supports the
plasma emission mechanism of these bursts. However,
there are several open questions. Smith & de La Noe
(1976) suggest that the strong beam-plasma interac-
tion leads to Langmuir wave amplification with sub-
sequent Langmuir wave decay into transverse radio
waves. In such a scenario, a chain of striae is pro-
duced through the modulational instability. However,
Cairns & Robinson (1998) argue that the predicted
wavenumbers and bandwidths of Langmuir waves are
too large for modulational instability to occur directly.
According to Takakura & Yousef (1975), type IIIb
bursts are generated by electron beams, which propa-
gate through nonuniform plasma. They postulate that
locally overdense and/or underdense regions in the
plasma increase or decrease the interaction lengths of
the beam for different frequency ranges, resulting in
striae. Kontar (2001) numerically show that if fast
electron beams propagate in the solar corona with
density fluctuations, the Langmuir turbulence would
be spatially nonuniform with regions of enhanced and
reduced levels of Langmuir waves, which can produce
the chains of striae. Kontar (2001) and Reid & Kontar
(2010) show that the background solar wind electron
density fluctuations cause plasma waves to be non-
uniform in space, with larger amplitudes and smaller
length scales of density fluctuations having the largest
effect. These modulations of Langmuir waves can
lead to the modulation of subsequent plasma radio
emission. The numerical investigations of Li et al.
(2012); Voshchepynets et al. (2015) using the effects
of density irregularities also support this idea. Li et al.
(2012), also using numerical methods, have further
confirmed that enhanced density structures along the
beam path and either electron or ion temperature en-
hancements of unknown origin can reproduce striae-
like features. However, they find that the second-
harmonic emission should be stronger than the fun-
damental emission, which is inconsistent with the ob-
servations. Zhao et al. (2013) investigate the effects of
homochromous Alfve´n waves on electron-cyclotron
maser emission proposed by Wu et al. (2002), that
may be responsible for producing type III bursts. They
show that the growth rate of the O-mode wave will
be significantly modulated by homochromous Alfve´n
waves, which could produce type IIIb radio bursts.
In summary, it is widely believed that in the plasma
emission mechanism, density inhomogeneities in the
background plasma could create a clumpy distribu-
tion of Langmuir waves and generate the type IIIb
fine structure (e.g. Takakura & Yousef 1975; Melrose
1983, and so on). The density fluctuation spec-
trum in the interstellar medium and solar wind of-
ten reveals a Kolmogorov-like scaling with a spectral
slope of −5/3 in wavenumber space (e.g. Kolmogorov
1941; Goldstein et al. 1995; Elmegreen & Scalo 2004;
Shaikh & Zank 2010, and so on). However, the phys-
ical processes leading to a Kolmogorov-like turbulent
density fluctuation spectrum are not yet fully under-
stood. Here, our observations of a type IIIb radio burst
support the result that density turbulence in the corona
is likely to cause the striae structure, and that the es-
caping plasma radio emission fluctuates along the di-
rection that the beam propagates with a power-law flux
fluctuation spectrum.
Because of the modest sensitivity of previous solar
radio telescopes, there are few studies of fine struc-
tures of type III bursts. Observations with the LOw
Frequency ARray (LOFAR; van Haarlem et al. 2013)
now permit us to analyze type-III/IIIb emission with
high temporal and spectral resolutions, which were un-
available before. Here, we use LOFAR data to study
the fine structures of type III radio bursts observed in
the fundamental and harmonic components at 30-80
MHz. We aim to investigate the effects of background
density fluctuations based on the observations of those
striae structure and estimate the properties of the den-
sity perturbation in the solar corona. The article is ar-
ranged as follows. Section 2 describes the details of
the observations. Section 3 presents the discussions
and conclusions.
2. Observations
We use spectral and imaging data from LOFAR,
a large radio telescope located mainly in the Nether-
lands and completed in 2012 by the Netherlands In-
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stitute for Radio Astronomy (ASTRON). LOFAR can
make observations in the 10 - 240 MHz frequency
range with two types of antenna: the Low Band An-
tenna (LBA) and the High Band Antenna (HBA), op-
timized for 30 - 80 MHz and 120 - 240 MHz, re-
spectively. The antennas are arranged in clusters (sta-
tions) that are spread out over an area of more than
1000 km in diameter, mainly in the Netherlands and
partly in other European countries. The LOFAR sta-
tions in the Netherlands reach baselines of about 100
km. LOFAR currently receives data from 46 stations,
including 24 core stations, 14 remote stations in the
Netherlands, and 8 international stations. Each core
and remote station has 48 HBA and 96 LBA anten-
nas with a total of 48 digital Receiver Units. One of
the main LOFAR projects is to study solar physics and
space weather. Currently, there are only few analyses
of solar observations with LOFAR, such as the study
of solar radio type III-like bursts (Morosan et al. 2014;
Reid & Kontar 2017). In this work, we investigate a
solar radio type III burst with fine structures using 24
LOFAR core stations, including the broadband spec-
trum and imaging observations at frequencies of 30
- 80 MHz from the LBA array. These 24 core sta-
tions share the same clock and have a maximum base-
line of ∼ 3.5 km (van Haarlem et al. 2013). The tied-
array beam forming mode simultaneously provides a
frequency resolution of 12.5 kHz with a high time ca-
dence of ∼ 10 ms.
We also use observational data at ultraviolet (UV)
and extreme ultraviolet (EUV) wavelengths taken from
the Atmospheric Imaging Assembly onboard the So-
lar Dynamics Observatory (AIA/SDO; Lemen et al.
2012). Magnetic field data is collected from the Helio-
seismic Magnetic Imager onboard SDO (HMI/SDO;
Schou et al. 2012). The pixel sizes of AIA and HMI
are around 0.6′′, with time cadences of 12 s and 45 s,
respectively.
2.1. Observation and data analysis
The type IIIb burst occurred at about 11:56:58
UT on 16 April 2015, between an impulsive C2.3
flare (starting at 11:23 UT and ending at 11:30 UT),
and a long-duration C2.0 flare (starting at 12:23
UT and ending at 14:00 UT) in the active region
NOAA12321. The imaging of this event was analyzed
by Kontar et al. (2017). They compare the centroid
positions, sizes and areal extents of the fundamental
and harmonic sources and they demonstrate that the
propagation-scattering effects dominate the observed
spatial characteristics of the radio burst images. Here,
we examine the fine structures in the spectrum. Fig-
ure 1 presents the spectrum of the type III burst at a
frequency range of 30 - 80 MHz observed by LOFAR.
The type III burst is composed of two branches. One is
the fundamental (F) branch occurring in the frequency
range of 30 - 65 MHz, and the other is the second har-
monic (H) branch, which is much weaker than the fun-
damental, occurring in the frequency range of 30 - 80
MHz. The mean ratio between the H and F branches
is about 1.6 for a given time. This is consistent with
other observational values of 1.5 -1.8 (Suzuki & Dulk
1985). The frequency drift rate of the type III burst is
about −7.3 and −13.8MHz s−1 for the F and H compo-
nents, respectively. Here, a negative frequency drifting
rate implies that the related electron beams propagated
from low to high altitudes in the solar corona. The
dynamic spectrum shows that there are distinct mod-
ulated fine structures in the fundamental component.
The harmonic component also shows such structures
but they are much weaker.
Figure 2 presents the imaging observations of this
solar radio type III source obtained by LOFAR. A
semi-transparent ellipse in Figure 2(a) is the LOFAR
source image at a frequency of 32.25 MHz and a
time of 11:56:56 UT. This is overlaid on a compos-
ite AIA image displaying the 94 Å, 171 Å, and 193
Å channels. The radio source is slightly larger than
the intrinsic source size and the harmonic (H) compo-
nent source is larger than the fundamental (F) emis-
sion component. Kontar et al. (2017) explain that both
F and H radio sources are enlarged mainly due to
propagation-scattering effects from the source in the
corona. At the same time, we get the centroid po-
sitions by fitting the sources with a two-dimensional
gaussian at each frequency channel in the range of
30− 40 MHz. The found centroid positions are shown
as triangles in Figure 2(b). We find that the centroids
of higher frequency sources are located more closely
to the active region than the centroids of lower fre-
quency sources. We utilize the Potential Field Source
Surface (PFSS; Schrijver & De Rosa 2003) model to
extrapolate the large-scale magnetic field topology of
the region. The results show that the locations of ra-
dio sources tend to propagate along the open mag-
netic field lines of a nearby active region. By scru-
tinizing the radio emission at the same time, we find
that both the fundamental and harmonic branches have
fine structure. In the dynamic spectrum, the funda-
mental branch (Figure 1(a).) is composed of about 70
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striae. Each stria has a frequency bandwidth of about
∼ 100 kHz and a lifetime of about 1 s, consistent with
other observations of short (∼ 1.2 s) and narrow-band
(∼ 100 kHz) stria bursts (de La Noe & Boischot 1972;
Baselyan et al. 1974; Melnik et al. 2010). We zoom-
in on the spectrum in Figure 1(c) and the fundamental
emission shows 16 striae in the frequency range from
30 MHz to 32 MHz. Some of the striae overlap with
each other. Figure 1(a) also shows that the brightness
of striae decrease with frequency (see the profiles of
Figure 1(d) in detail). The second harmonic branch
has a relatively faint structure (Figure 1(a)) compared
to the fundamental. A small part of the second har-
monic dynamic spectra is displayed in Figure 1(b). We
find that the second harmonic branch is also composed
of many small striae. The tails in the F and H radiation
are also visible in the dynamic spectrum.
The dynamic spectrum of the fundamental emis-
sion in the frequency range of 30 - 40 MHz dur-
ing 11:56:55 - 11:57:00 UT is plotted in Figure 3(a).
Here, bright green asterisks mark the positions of
peak times obtained from the gaussian fits, for the
F component at each frequency. The green line is
obtained by fitting all the peak times using a least-
square polynomial fitting method. There are several
coronal density models used to estimate the distance
of the source corresponding to an emitting frequency
(Newkirk 1961; Saito et al. 1977; Leblanc et al. 1998;
Mann et al. 1999; Cairns et al. 2009). In our analysis,
the precise value of the density or the distance weakly
affects the results. From the following analysis, the
different distance intervals seem to have little impact
on the flux curve, as we now demonstrate. We com-
pare the distance of sources between 30 and 40 MHz
using different density models. We find only a slight
difference in the distance away from the solar center
at different frequencies, and the distance intervals are
around 100 Mm within the frequency range of 30 - 40
MHz, in the frame of different density models. The
determined distance intervals for the F components for
different models are 115.9, 100.2, 93.3, and 86.4 Mm
(Newkirk 1961; Saito et al. 1977; Leblanc et al. 1998;
Mann et al. 1999). As an example, we show the anal-
ysis using the Newkirk model (1), to estimate the dis-
tance:
n(r) = n0 × 104.32/r, (1)
where n0 is set to be 4.2 × 104 cm−3. Then the local
plasma frequency is
fpe =
1
2pi
√
4pie2n(r)
m
. (2)
After the above transformation, the emission flux at
different distances along the radiation propagating path
is shown in Figure 3(b). Then, the radio emission orig-
inates between the distances of 1121 and 1240 Mm
(1.6 − 1.77R⊙) from the solar center, where R⊙ is the
solar radius. The flux as a function of distance shows
large fluctuations. The flux is also growing with dis-
tance, and the larger flux values are observed at lower
frequencies.
2.2. The power spectrum of radio flux fluctua-
tions
By converting frequency into distance using Newkirk’s
density model (Equations 1, 2), a flux-distance relation
(see Figure 3) is obtained for the analysis of flux fluc-
tuations. According to the Wiener-Khinchin theorem,
the power spectrum density function is the Fourier
transform of the autocorrection function. So, the
power spectrum of the flux fluctuation in the frequency
domain is a function of k, which is the wavenumber
(cycles per Mm) given by
P(k) =
∫ ∞
−∞
R(λ)e−ikλdλ, (3)
where P(k) is the Fourier transform of the autocorre-
lation function given by R(λ) = 〈F(r)F(r + λ)〉, and
where the angular brackets 〈...〉 denote an ensemble
average. r is the radial distance from the solar cen-
ter and F(r) is the radio flux observed. The exciter of
the radio burst is assumed to be radially propagating.
We make the Fourier transform of R(λ) and obtain the
power spectrum density of the radio flux F(r) as shown
in Figure 4, where the abscise axis shows wavenumber
k. The blue line in the figure is the theoretical Kol-
mogorov function of P(k) ∼ k−5/3 with a spectral in-
dex of −5/3, which is plotted for comparison. The red
line is a best fit to the spectrum power in wavenumber
space. It shows that the spectral index is −1.71± 0.06,
which is close to the Kolmogorov spectral index of
−1.67. We take into account the flux F(x) uncertain-
ties, which are typically around 1 s.f.u. for the back-
ground flux level before the burst for each frequency
(Kontar et al. 2017). We calculate the uncertainties
from error propagation during the spectral analysis.
We also consider the errors from the fit and take the
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1-sigma uncertainty for the fitted spectral index. The
calculated uncertainty is about 0.06 for the spectral in-
dex. Those errors are shown in Figure 4. Furthermore,
we also use the fast Fourier analysis on the emission
flux of type IIIb striae and the corresponding least-
squares fitting line, which shows an approximate re-
sult. The same analysis has also been used for the
second harmonic branch shown in Figure 4(b), which
gives a similar spectral index of −1.73 ± 0.03. Us-
ing other density models, the spectral indexes for the
fundamental (F) and harmonic (H) components are:
−1.72±0.05 and−1.75±0.02 for Saito’s density model,
−1.72 ± 0.05 and −1.77 ± 0.02 for Leblanc’s density
model, and −1.73 ± 0.05 and −1.78±0.02 for Parker’s
density model. We also try models that are 2 times
and 5 times the Newkirk density profile and the calcu-
lated intervals are larger than the commonly used den-
sity models. For 2× Newkirk’s density profile, the dis-
tance intervals for the fundamental and harmonic com-
ponents are 149.1 Mm and 129.1 Mm and the spectral
indexes change to −1.69±0.07 and−1.71±0.03 respec-
tively. For the 5× Newkirk’s density profile, the dis-
tance intervals for the fundamental and harmonic com-
ponents are 220.5 Mm and 194.8 Mm and the spectral
indexes are −1.67 ± 0.07 and −1.68 ± 0.03. As shown
by the above results, the different density models show
similar results and all models provide spectral indices
close to the Kolmogorov turbulence spectral index of
−5/3. This result provides a plausible explanation for
the effects of turbulence modulation on the F and H
components along the radio radiation propagation.
Under the interpretation of Type-IIIb burst turbu-
lence modulation, we estimate the spatial scale of tur-
bulence elements using coronal density models. The
stria with a peak flux greater than 1σ is considered to
be an individual striae. The full width at half maxi-
mum (FWHM) of selected spikes is defined as the fre-
quency bandwidth of stria, which can be transformed
into the spatial scale of a turbulence element. The sta-
tistical histograms of spatial scales using the Newkirk
density model are shown in Figure 5. Here, we find
that the average spatial scales of a turbulence ele-
ment is about 700 km, derived from the fundamental
branch, and also ∼ 700 km derived from the harmonic
branch. These two values are consistent with each
other and both the fundamental and harmonic show
values distributed in a similar range from ∼ 100 km
to ∼ 2000 km, with a most probable spatial scale of
around 700 km. This suggests that it is highly likely
that the fundamental and harmonic branches of the
type-IIIb radio bursts are modulated by the same tur-
bulence.
3. Discussion and conclusions
Solar radio type III bursts are produced by near-
relativistic electrons streaming through the corona and
such bursts can provide important information about
the background plasma properties. The background
plasma density corresponding to a frequency of sev-
eral tens of MHz in the high corona is nonuniform, and
therefore, type III bursts should have flux variations as-
sociated with density fluctuations, as evident from nu-
merical simulations (e.g. Kontar 2001; Reid & Kontar
2010). Using high resolution LOFAR observations,
we find that the fundamental and second harmonic
branches of the type IIIb-III pair burst, within the fre-
quency range of 30 - 80 MHz, have fine 0.1 MHz
frequency structures, visible as a train of intermittent
small striae. Each distinct stria has a mean lifetime of
about 1 s, with longer duration times at lower frequen-
cies. This is consistent with the empirical relation for
the decay time of metric and kilometric type III bursts
(Benz et al. 1992). Under the turbulent density inter-
pretation, the flux variation with distance can provide
a new method of diagnosing density fluctuations. The
characteristic scales of radio flux fluctuations are dis-
tributed in the range from ∼ 100 km to ∼ 2000 km,
with the most probable spatial scale occurring around
700 km. The power spectrum of the radio emission
fluctuations as a function of wavenumber is close to
a power-law distribution, P(k) ∝ kα, with spectral in-
dices of α = −1.71±0.06 and α = −1.73±0.03 for the
fundamental and harmonic components of type IIIb-
type III pair, respectively. These spectral indices are
very close to a Kolmogorov density turbulence spec-
tral index of −5/3, which is also consistent with near
Earth in-situ observations. We also examined differ-
ent density models, and they show different distance
intervals. However, density models have little impact
on the flux curve and they only slightly influence the
determined spectral index. All the spectral indices de-
termined from different density models are close to the
Kolmogorov turbulence spectral index. The evidence
suggests that the escaping radio emission produced by
near-relativistic electron beams is modulated by the
density turbulence present in the solar corona.
In this event, the fundamental - harmonic pair emis-
sion shows that the fine structures are better observed
in the fundamental component. However, the striae
5
structure also appear in the harmonic component, al-
though it is much weaker than in the fundamental com-
ponent. The intensity of the fundamental emission is
20-30 times higher than that of the harmonic com-
ponent, and the mean frequency band of each single
striae is only 0.1 MHz (Figure 1(d)). The scatter-
ing off ions or the decay of Langmuir waves would
produce the fundamental component, while the coa-
lescence of two Langmuir waves would produce the
harmonic component. According to the plasma emis-
sion mechanism (e.g. Melrose 1987), the fundamen-
tal and harmonic components should come from the
same spatial location. If an observation records har-
monic radio radiation, one possible reason for a lack
of observable fine structure in the harmonic compo-
nents might be due to a lack of sensitivity in the radio
telescopes. Fortunately, LOFAR has the capability to
resolve the flux enhancements in the harmonic emis-
sion and such observations demonstrate that the fluxes
are disturbed in both the fundamental and harmonic
components. Harmonic radio emission is likely to be
produced over a larger volume than the fundamental
emission Melrose (1987), hiding the spatial inhomo-
geneity of Langmuir waves. Indeed, LOFAR imaging
of the harmonic emission Kontar et al. (2017) shows
that the harmonic component has larger source sizes
than the fundamental emission. Another possible rea-
son is that the level of turbulence is not strong enough
to modulate the harmonic components. From the simu-
lation by Loi et al. (2014), larger turbulence levels pro-
ducing trough-peak regions in the plasma density pro-
file may lead to broader, resolvable intensifications in
the harmonic radiation, while moderate turbulence lev-
els yield flux enhancements with much broader half-
power bandwidths in the fundamental emission, which
may account for the type IIIb-III pairs. However, we
have not found any way to estimate the levels of turbu-
lence using present observations.
Remote and in situ spacecraft measurements have
shown that density perturbations are ubiquitous in the
corona and solar wind, and that they often exhibit
a Kolmogorov power spectrum (e.g. Armstrong et al.
1981; Montgomery et al. 1987; Matthaeus & Brown
1988; Goldstein et al. 1995). The sensitive observa-
tions of solar radio radiation may provide new insight
into the properties of turbulent density perturbations in
the solar corona. Here we used radio flux as a probe
to estimate the properties of the background density
perturbations. The spectral index of the density power-
spectrum is found to be consistent with a Kolmogorov-
like spectral index. The coronal turbulence may play
an important role in the fine structure formation of so-
lar radio type IIIb bursts and high resolution obser-
vations with LOFAR can provide new diagnostics to
probe density fluctuations in the solar corona.
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Fig. 1.— (a) The dynamic spectrum of a type IIIb-type III burst pair in the frequency range of 30 - 80 MHz observed
by LOFAR on 16 April 2015. F and H indicate the fundamental and second harmonic branches, respectively. The
solid rectangular boxes show the time and frequency ranges investigated in the analysis. (b) An enlarged version of
the harmonic components from 55 to 65 MHz. (c) The detailed spectrum between 30 and 32.25 MHz. The dashed
horizontal lines represent the different frequencies in Figure 1(d). (d) The fluxes of the F and H components selected
from the striae structure in (c). 8
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Fig. 2.— (a) A composite of AIA images: 94 Å (red),171 Å (green), and 193 Å (blue) highlighting the active regions
(most of the red background). A 32.25MHz LOFAR source at 11:56:56 UT is overlaid. (b) A composite image of AIA
at the same time as (a), but using a different color table. The triangle symbols indicate the centroids of the LOFAR
source in frequency and time, corresponding to the green asterisks in Figure 3(a).
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Fig. 3.— (a) The spectrum of the fundamental (F) component at 30-40 MHz from 11:56:55 UT to 11:57:00 UT. The
green asterisks show the positions of the fitted gaussian peak times for the F component at each frequency. The green
line represents the best fit through all the positions of the fitted gaussian peaks using a least-square polynomial fitting
function. (b) A plot of flux versus distance using a Newkirk coronal density model (black solid line). The green line
indicates the flux of the fitted gaussian peak times for the F component at each frequency (green asterisks (a)). (c)
The spectrum of the harmonic (H) component at 55-69 MHz. The green asterisks again show the fitted gaussian peak
times of the H components at each frequency. (d) Radio flux versus distance as in (b), but for the H components.
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Fig. 4.— The power spectral density of flux fluctuations (black curve). (a) The Fourier transform of the autocorrection
function of fundamental flux at 30-40 MHz, see Figure 3(b). (b) The Fourier transform of the autocorrection function
of the harmonic (H) component flux in Figure 3(d). The blue line is the Kolmogorov function of P(k) ∼ k−5/3 line.
The red lines are obtained from least-square fitting of the power spectral density with the form P(k) ∼ k−α .
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Fig. 5.— Histogram of the spatial scales measured in
both the fundamental (F) and harmonic (H) branches.
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